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THE USE OF BLOOD VOLUME STUDIES AS A CLINICAL
AID IN INTRAVENOUS THERAPY*
ROBERT TENNANT, LESTER ADELSON, GEORGE McADAMS,
AND ROBERT DAVIE
In any hospital in which there is an active blood bank, clinical problems
dealing with the adequate maintenance of the fluid as well as the cellular
components of the circulation are continually encountered. Many instances
have occurred where patients have received inadequate replacement therapy,
but equally serious have been the times when excessive use of blood, plasma,
or fluid has resulted in deleterious effects on the patient. It has been cus-
tomary to rely on the hemoglobin, hematocrit, serum protein, or "clinical
judgment" to arrive at the correct solution to these problems.
Through the work of a number of investigators, notably Gregersen' and
associates, it has been established that the total blood volume is remarkably
constant in health, but with the development of disease states marked altera-
tions in blood volume may ensue. Furthermore, these changes in total blood
volume may be completely masked through shifts of fluid and proteins be-
tween the vascular and extravascular spaces. Determinations of the hemato-
crit, hemoglobin, and serum protein, which are only measures of concen-
tration, will under such circumstances give little notion of the total amount
of these components in the circulation and at best will be poor indices of
the patient's condition. The calculation of the total volumes of plasma, red
blood cells, and plasma proteins and comparison of these values with stand-
ard values for normal healthy individuals permit a more rational approach
to adequate and quantitative replacement therapy.
The extensive clinical and experimental investigations of Gregersen,3'
Clark,2 Beling,1 and others employing the blue dye T-1824 (Evans Blue)
have demonstrated that it affords a reliable and reproducible clinical method
for the estimation of plasma, red blood cell, and total blood volumes. We
therefore have used this method to aid in planning intravenous fluid therapy
and to evaluate its usefulness as a practical method adaptable to use in the
average general hospital.
* From the Departments of Pathology and Surgery, Hartford Hospital, Hartford,
Connecticut.
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Methods
The methods used are similar to those described by Gregersen in 1944.' Fifteen
cubic centimeters of blood are withdrawn without tourniquet, if possible, from the
antecubital vein and placed in two tubes, one containing heparin and the other KNH4
oxalate. The entire contents of an ampule of Evans Blue dye (5.3 cc. of a .5% sol.)*
are then injected through the same needle which has been left in place. Fifteen minutes
after the injection of the dye a second sample of blood is drawn and placed in another
tube containing heparin. This is a slight departure from Gregersen's method.6 The
optical density of the dye-tinged plasma is measured with a Coleman Junior Spectro-
photometer using a filter with wave length of 620 u. The concentration of dye in the
unknown is determined by comparison of its optical density with those of previously
determined concentrations of dye in plasma. The total plasma volume is determined
from these data. Hematocrits are determined by the Wintrobe tube method and the
plasma protein concentration by the Phillips copper sulphate falling drop method.8 From
these data the total blood volume, total plasma volume, total red blood cell volume,
and total circulating protein are estimated. All of these values are divided by the
weight of the individual in kilos to give volumes per kilo of body weight. This simpli-
fies comparison with normal values when calculating deficits or excesses.
Beforemakingevaluations ofpatient's needs it was necessary to determine
the values for blood volumes in normal healthy males and females. Accord-
ingly, blood volume determinations were carried out on 30 males and 30
females. Individuals of a wide range in height and weight were used so that
the mean values would be based on a good representative cross section. The
mean values with standard deviations of the mean are presented in Table 1.
These values have been used as the baseline for determination of the blood
requirenments in all of the subsequent work. Deficits or excesses were cal-
culated by taking the difference between these mean values and the actual
values determined in a given instance. The deficit or excess (expressed in
cc. per kilo) was multiplied by the patient's weight in kilos to give the total
deficit or excess.
In Table 2 the values for blood volumes as determined by a number of
investigators are presented together with the present values. It is evident
from these data that the various methods employed yielded somewhat dif-
ferent but equally reliable results. Differences in the normal values depend
on variations in technique and instruments used and emphasize the impor-
tance of determining one's own normal values before applying the methods
to the study of patients.
During the past two years these methods have been used in evaluating the
blood volume status of some three hundred patients presenting a variety of
*Ampules of dye may be obtained from William R. Warner and Co., Inc., New
York City.
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clinical pictures. From these we have chosen a series of cases to illustrate
typical situations in which blood volume studies have aided materially in
clarifying the problem of intravenous therapy.
TABLE 1
NORMAL VALUES, HARTFORD HOSPITAL
Males (30) Females (30)
Plasma volume, cc./kg. ...................... 41.9 +5 402 +4
RBC volume, cc./kg. ........................ 34.5 +4 27.9 ±3
Total blood volume, cc./kg . .................. 76.4 +8 68.1 +6
Total plasma protein, gm./kg . ................ 2.95 +0.4 2.90 ± .3
TABLE 2
BLOOD VOLUME DETERMINATIONS ON 30 NORMAL MALES AND 30 NORMAL FEMALES AT
HARTFORD HOSPITAL COMPARED WITH FINDINGS OF OTHER AUTHORS
Author
Hartford
Hospital
Method No. subjects
Dye 30 M
30 F
Gregersen' Dye
Kelly' Radioactive
phosphorus, P32 9
Keith* Dye 42
Gibson* Dye 49
Chang* CO
Hopper* CO
Dye
Smith* CO
Dye
Hevesy* PMI
Nylin* pas
M&F
M
41 F
16M&F
9M&F
20M&F
Plasma
volume
cc./kg.
41.9 +5
40.2 +4
45.0 +4.0
36.04 +4.69
50.0
43.08
41.5
45.3
45.5
21 M&F
19M&F
Total
RBC volume bloodvolume
cc./kg. cc./kg.
34.5 +4 76.4 +8
27.9 +3 68.1 ±6
85 +8.9
33.94 ±4.87 69.81 +7.79
34.62
24.6
34.9
35.0
85.0
77.7
66.1
66.2
80.2
80.5
71.0
93.0
38.8
33.7
+5.5
±8.6
+5.0
±8.0
* Figures are found in the article by Kelly et al.'
Case I. D. H., a while male, aged 49, entered the hospital complaining of periodic
attacks of right upper quadrant pain and jaundice of two years' duration. A diagnosis
of gallbladder disease with common duct stone was made and on November 17, 1948,
cholecystectomy was performed. Stones were removed from the common duct. The
patient contined to be jaundiced and he was re-explored on December 1, 1948. At
Plasma
protein
gm./kg.
2.95 +.35
2.90 +.30
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operation extensive bleeding was encountered and the patient went into profound shock.
Fifteen hundred cc. of blood were given in the operating room. The patient was still
in shock four hours later at which time the blood volume was determined (Chart 1).
The findings showed a 40% deficit in the total blood volume although the hematocrit
was 40 and the serum protein 7.0 gm.%.
These gave no indication of the 2700 cc.
deficit which was present. The patient ecA
received 2500 cc. of whole blood and
500 cc. of plasma in the next 48 hours, g0o Ca*. Deet2700cc.bi.
with recovery from shock. A repeat 500cc.pa*i&
blood volume one week later showed - _ . m
essentially normal status with hemato-
so -
crit and serum protein still unchanged.
This case is typical of acute 40.
blood loss where homeostatic me-
chanisms have failed to restore the 20
blood volume by hemodilution
from the interstitial fluids. Greger-
sen has stated that a 30%'o reduc- 12/1 12/7
tion in total blood volume is Sp7.0 S 7.0
followed in a few hours by the D.. 49Wt Olk Common Dct .t /
development of shock unless com- CHART 1. Case I-Acute blood loss un-
pensation occurs. This is well compensated. The column in each diagram represents demonstrated in the present case. total blood volume, the cross-hatched por-
Estimation of total blood loss and tion being the red blood cell mass, and the
lower clear part the plasma volume-all in adequate and prompt replacement cc./kg. of body weight. The solid, hori-
can prevent the development of zontal line just above "40" represents the
mean normal plasma volume, the broken shock in similar instances of acute lines above and below indicating the stand-
blood loss. ard deviation of the mean. Similarly, the
solid line below "80" is the mean normal
Case II. H. S., a 65-year-old white total blood volume, again the dotted lines
male, was admitted to the hospital after being the standard deviation of that mean.
he had vomited coffee ground material The small, cross-hatched column beside the main one is the protein value in and fainted. He had had a gastro- gm./kg., and the dotted lines are normal
enterostomy for peptic ulcer 20 years limits, with 2.95 the mean normal value.
previously. Recently he had had return This notation applies to all charts.
of gastric symptoms and had tarry
stools on a few occasions during the past few months. On admission his BP was
72/50. His hematocrit was 40. During the next 12 hours the patient received
2000 cc. of whole blood in spite of which the hematocrit fell to 27. The patient at
no time was in profound shock, his blood pressures varied between 74/60 and 110/72.
Three days after admission a blood volume was done (Chart 2). The findings showed
a high normal total blood volume with a red blood cell deficit of 750 cc. The total cir-
culating protein was normal although the protein concentration was 5.3 gm. %. The red
blood cell deficit had been compensated for by an increase in plasma volume of 1100BLOOD VOLUME STUDIES
cc. in excess of normal. Accordingly, the red blood cell deficit was replaced with blood
from which the plasma had been removed and replaced with saline. The 750 cc. of
red blood cells were administered over a 16-hour period. No further evidence of
bleeding occurred and no additional intravenous therapy was given. Nine days later
repeat blood volume showed essentially normal red blood cell volume with still some
excess of plasma volume.
In this case blood loss was compensated for by hemodilution. Replace-
ment with red blood cells suspended in saline was used to reduce the hazard
of producing hypervolemia from
the administration of whole blood.
ccA The question of the use of red
- o caic. Ddicit750ccRC - blood cells suspended in saline or
. Given unite RBCinSal. _ __ glucose solutions instead of whole
00 BleedingMargina Ulcer 2 blood in such instances of compen- 1eeMa Ulesated blood loss has been of par-
.. -- -. -- ticular interest, especially where -. -. -. -. large red blood cell deficits are
present and patients are in the
20 2." _ older age groups. The influence of
plasma protein of whole blood in
_ __ _ . producing a hypervolemia in such
Hltl27 H139 t39 instances seemed worth exploring.
sp 5.3 sp 6.s Sp 8.5.. H.SS.M65 Wt64k Two cases with moderately severe
CHART 2. Case II-Acute blood loss anemias were studied with this
compensated. point in mind. The case histories
are as follows:
Case III. L. B. was a 56-year-old white male with diabetes and gangrene of his leg.
The patient had already had an amputation of his leg when the blood volume was done.
The patient needed 1200 cc. of red blood cells and was given 5 pints of whole blood
in the next five days after which a second blood volume was done (Chart 3).
Case IV. P. was a 71-year-old white male who also had diabetes with gangrene
of his extremity. This patient had an amputation before the blood volume was done.
It showed a deficit of 800 cc. of red blood cells. Replacement was made with red
blood cells suspended in saline (Chart 3). A repeat blood volume was done five days
later.
Both cases showed severe anemia with normal plasma volumes and high
total serum proteins. The calculated red blood cell deficits were quantita-
tively replaced in both instances. It is of interest to note the trend to hyper-
volemia in the patient receiving whole blood in contrast to the second patient
who maintained both a normal total blood volume and plasma volume when
red blood cells suspended in saline were used.
739740 YALE JOURNAL OF BIOLOGY AND MEDICINE
Red blood cells suspended in saline have been administered in a large
number of similar cases and no instances of cardiac embarrassment or other
evidences of hypervolemia have been encountered.
The most significant group of cases where blood volumes have proved
helpful has been in patients with chronic disease accompanied by weight loss.
It has been shown by a number of investigators2 that patients with chronic
2/9/49 Ht. 27
S.P. 7 9
Doef1e 1324 cc. RDC
Gave 2500 cc wbole
bloed
W M. 56
Wt 68 k
CHART 3. Cases III
'K_
Deftit 800cc. RBC
O0vm 3 units RBC
In saline
p
2/15/49 2/7/49 W. M. 71 2/12/49
Ht. 43 Ht. 32 Wt. 81k B. 41
S. P 8.2 S. P. 6.9 S. P. 7.2
& IV-Comparison of replacement with *hole blood
versus RBC in saline.
wasting disease present a syndrome of weight loss, reduced blood volume,
and increased interstitial fluid volume. The significant feature of these cases
is an increased susceptibility to postoperative shock which is preventable by
preoperative replacement of the blood deficit. The loss of weight in such
individuals is attended by a depletion of tissue protein which is also re-
flected in a reduction of the serum proteins. The reduced oncotic pressure
of the plasma together with the reduction of the tissue tension, as postulated
by Schade, disturbs the normal 1:3 ratio of plasma volume to interstitial
fluid volume and more fluid enters the enlarged tissue spaces from the vas-
cular.compartment. If anemia is present, it may be completely masked by
this tendency to hemoconcentration. Hematocrits and serum proteins will
give no indication of the large deficits which in many instances may be
present. These findings are well demonstrated in the next case.
ccA
80 .
4@
40 .
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Case V. R. R. is a 27-year-old white male who has had chronic ulcerative colitis
since 1943. It was quiescent until February, 1948, when he entered the hospital because
of bloody diarrhea and weight loss of 20 kilos. He was treated medically for a month
without improvement. During this period he received six transfusions. Surgical inter-
vention was considered necessary and the patient was prepared for ileostomy. At this
time the first of a series of blood volumes was done (Chart 4). This showed a deficit
of 1200 cc. of red blood cells and also low serum proteins. The patient received
2500 cc. of whole blood before operation and 500 cc. during the procedure. He did
well after the ileostomy, and a repeat blood volume 12 days later showed a quantitative
replacement of red blood cells and slightly reduced total volume. The patient was dis-
charged from the hospital but at home had a rapid return of his symptoms and he
cc/k Deficit 1200 cc. RBC 5/26/49
Given 2500 cc. blood Quantitative dnd stage
80 - - -- - ~~~. 3/i2/49 - -R. C rplacement . -colectomy 80 . _____ ~, _. RDchred Deficit 2000 cc. bl.
x. 3l1249y Discharged Given i500 cc. bl. Gainedweight Ileostomy474/22/49 &
500 cc. blood list~~~~~~~stage cuiectomy didweli
Ht 29 Us500cc.biood k
-drin-oiO cc. hi. d. P.5.5 Acuring op. 5kS.P UcrtRe-admitted op.
60 4/18/49
40.
p p p
20 2.95-
3/9/49 WM27 3/249 odto 4/19/49 an esil5/25/49 mre Hi 29 Usuai Wt. 72 k Ht.10 Hi. 40 Nt. 44
s. P.5.s Wt. S. P. 6.C Ulicerative
Colitis s. P. 7.0 7.8
CHART 4. Case V-Chronic shock.
returned to the hospital five weeks after the ileostomy for the first stage of a total
colectomy. The patient's general condition was poor and he still showed marked
weight loss. Hematocrit at this time was 40 and the serum protein was 7.0 gm.%.
The third blood volume showed, however, a 27% reduction in the total volume which
affected the cells and plasma to the same degree and accounted for the normal hema-
tocrit and protein values which were obtained. The deficit of 2000 cc. of blood was
corrected with 1500 cc. of blood before operation and 1000 cc. during the operative
procedure which was done three days after the blood volume determination. The
patient withstood the operative procedure well. Postoperatively he showed marked
improvement and gained 10 lbs. during the next month in the hospital. Approximately
one month after the colectomy a repeat blood volume showed essentially normal status,
although he had not received any further blood. At this time the second stage of the
colectomy was done and following this procedure he continued to gain weight and
do well.
This case, again, indicates a quantitative replacement of red blood cell
deficits but more strikingly shows how misleading hematocrits and serumYALE JOURNAL OF BIOLOGY AND MEDICINE
proteins may be in patients who present this picture which Clark2 has labeled
as "chronic shock."
It is well established that in the presence of both a deficit of hemoglobin
and tissue protein the rebuilding of hemoglobin takes priority over the re-
building of tissue protein. The correction of the anemia in this patient per-
mitted rebuilding of tissue protein, and this is reflected in his rapid gain in
weight after the operative procedures.
The patients so far discussed have had conditions in which deficits in
blood volume have been present. Several cases
have been studied in which the hematocrits have
indicated an excess of red blood cells. Blood cc/k
volume determinations have proved of great loo0 ExcessRIC 3000 cc
assistance in differentiating the situation of rela- Bled 3500cc
tive polycythemia from absolute polycythemia, 0 5p-o
whether of the secondary or of the vera type. Op.Nphrectomy
The following cases are examples.
60
Case VI. B. A. was a 54-year-old white male who
had complained of headaches, dyspnea, and anorexia for - .
one year. He also had had hematuria on one occasion. 40
The patient had a ruddy complexion. Blood pressure
was 140/90. A palpable mass was present in the left
flank. Pyelograms showed a tumor in the left kidney. 20 2.95g/k
The hematocrit was 66. A diagnosis of polycythemia
vera and kidney tumor was made. The blood volume
determination showed an excess of 3000 cc. of red _i 66
blood cells. He was bled 3500 cc. in 7 days with the Sp8.6 8
hematocrit falling to 52. A left nephrectomy was CHART5. CaseVI-Poly-
done and the patient made an uneventful recovery cythemia vera.
(Chart 5).
The blood volume showed a red blood cell excess of 118%o in contrast to
the hematocrit which indicated only a 47% elevation in red cells. In similar
instances where surgery is contemplated the blood volume gives a better
evaluation of the situation; correction of the excesses, which is essential be-
fore major surgery is attempted, can be rapidly carried out.
Case VII. M. W. was a 64-year-old white female who had had a subtotal gastrec-
tomy for carcinoma of the stomach 1/2 years previously. In June of 1949 she had a
return of gastric symptoms. Examination at the time of entry into the hospital showed
an emaciated pale female who had moderate arteriosclerosis. Gastro-intestinal X-rays
showed recurrent carcinoma of the stomach with obstruction of the jejunal loop of
the enterostomy. The patient was operated upon on October 12, 1949, and had a re-
section of the remaining stomach, transverse colon, and spleen with an anastomosis of
esophagus to the jejunum. The procedure required nine hours. The patient received
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1500 cc. of blood preoperatively, 3500 cc. during the operation, and 500 cc. in the re-
covery room, a total of 5500 cc. The day after the operation auricular fibrillation de-
veloped and her blood pressure fell to 60/50. There were no signs of congestive heart
failure present. An hematocrit was 55. Blood volume performed at this time (Chart
6) showed an excess of 970 cc. of red blood cells. A phlebotomy with removal of
500 cc. of blood was followed by a rise in the blood pressure and improvement in the
patient's condition. Repeat blood volume the next day still showed 690 cc. excess of
red cells and a second phlebotomy was done with 400 cc. of blood withdrawn. The
10/12/49
cc/k Gastric Resection Excess RBC Jaundiced
Given 4000 cc. W B 690 cc. (? RBC destr.)
day of op
80 10/1349 Rx. Phlebotomy
Clinically 400 cc. W B
Hypotension . . _ .. .
Auric. rib.
Excess RBC 0e70 cc.
60 Rx.Phebtomy
500 cc. W B
40 . . . -
P
20 2.-VO
--
IhA3149 10/14749 -10/19749
HM. 57 Ht. 51 Ht. 38
SP6.1 SP6.1 SP5.8
M. W. 64 W. F wt. 64 K
CHART 6. Case VII-Post-transfusion hypervolemia.
patient fainted during this procedure and no more blood was removed. The patient
made an excellent recovery from this time on. A third volume study five days later
showed a further fall in red cell volume to an essentially normal value although no
further phlebotomies were performed. Concomitant with this fall, the patient became
mildly jaundiced. She was discharged from the hospital on October 26, 1949.
It is apparent that this patient's vascular collapse was associated with
the hypervolemia produced by the vigorous intravenous therapy during the
operative procedure. The differentiation of simple hemoconcentration (rela-
tive polycythemia) from the absolute polycythemia which was present was
an important factor in her recovery, for phlebotomy was done with prompt
return of the blood pressure to normal levels. Had further intravenous
therapy been given, cardiac embarrassment might have become more severe
and might have led to a fatality.
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Discussion
The present cases indicate some of the more outstanding problems which
have been encountered in this study. It should be emphasized that such
studies are especially helpful in the large group of patients with chronic
disease such as malignancy where operative procedures are planned. Cor-
rection of deficits before operation has proved extremely important in re-
ducing complications during operation and in speeding convalescence. The
failure of hematocrits to indicate these deficits is well illustrated in a group
of 44 patients with carcinoma of the colon who had blood volume studies
done prior to operation. In this group there were 18 cases that had hema-
tocrits of 40 or better. Of these, 11, or 60%o, showed volume deficits of 2 or
more pints. This deficit was due largely to a reduction of red blood cells
which was completely masked by the hemoconcentration which was present.
It is worth noting that in the calculation of deficits for individuals who
have had marked weight loss we have used the patient's best weight before
his illness or his ideal weight if he has previously been obese. This has been
recommended by Clark.2 No evidence of overloading of the circulation has
been encountered, although many cases have had deficits calculated on the
basis of a weight 20-40 pounds greater than the actual weight at the time
of the determination.
The Evans Blue method has proved a simple, reproducible clinical tool
which can readily be set up in the average general hospital possessing ordin-
ary laboratory facilities.
Summ"nary and conclusions
1. Blood volume determinations are a valuable aid in the diagnosis and
treatment of a variety of diseases, prominent among which are acute and
chronic blood loss, dehydration, shock from whatever cause, malignancy
with wasting, and chronic wound infections.
2. The Evans Blue method, as a clinical procedure, has proved practical
for the average hospital. Each laboratory should set up its own series of
normal values for plasma volume, red blood cell volume, total blood volume,
and quantity of plasma protein, and these normals should be used for the
determination of deficits or excesses in patients.
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